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The virus inducible non-coding RNA (VINC) was detected initially in the brain of mice infected with
Japanese encephalitis virus (JEV) and rabies virus. VINC is also known as NEAT1 or Men epsilon RNA.
It is localized in the nuclear paraspeckles of several murine as well as human cell lines and is essen-
tial for paraspeckle formation. We demonstrate that VINC interacts with the paraspeckle protein,
P54nrb through three different protein interaction regions (PIRs) one of which (PIR-1) is localized
near the 50 end while the other two (PIR-2, PIR-3) are localized near the 30 region of VINC. Our studies
suggest that VINC may interact with P54nrb through a novel mechanism which is different from
that reported for protein coding RNAs.
 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
The virus inducible non-coding RNA (VINC) is a 3.2 kb mRNA
like non-coding RNA (mlncRNA) whose expression is induced in
mouse brain during infection by Japanese encephalitis virus
(JEV) and rabies virus [1]. VINC is constitutively expressed in a
number of non-neuronal tissues and cell lines of murine and hu-
man origin. VINC, also known as nuclear enriched abundant tran-
script 1 (NEAT1) is detectable only in the nucleus but not
cytoplasm of mammalian cells [1,2] and it is transcribed from
the multiple endocrine neoplasia locus in human chromosome
11qA [3]. In the mouse, the gene encoding VINC/NEAT1 maps to
an intergenic region on chromosome 19qA which is syntenic to
human chromosome 11qA. VINC/NEAT1 is conserved in several
other mammalian species as well and its expression is increased
by 3–6-fold during muscle differentiation [2,4,5]. NEAT1/Men
epsilon RNA is localized in the nuclear paraspeckles, interacts
with the paraspeckle protein Nono/P54nrb and is essential for
the formation of nuclear paraspeckles [5–7]. In this study, we
have mapped the protein interaction regions of VINC and the re-
sults indicate that VINC/NEAT1 interacts with P54nrb through
three distinct regions which are localized near the 50 and 30 ends
of VINC.chemical Societies. Published by E
ngarajan).2. Materials and methods
2.1. Oligonucleotides and antibodies
All oligonucleotides were purchased from Sigma–Aldrich (Ban-
galore, India). The following primer pairs were used for the PCR
ampliﬁcation of V1, V2, V3 and V4 cDNAs: V1: 50 ACGTAATAC-
GACTCACTATAGGGAGGAGTTAGTGACAAGGAGGGC 30 and 50 aagt-
gacccttaacctcagagtg 30 V2: 50 CCGTAATACGACTCACTATAGGCTCAC
TCTGAG TTAAGGGG 30 and 50 taacttgcgccttcccactg 30; V3: 50 TCGTA
ATACGACTCACTATAGG GTGGGAAGGCGCAAGTTAGC 30 and 50
gtggcctgcctaggtcaggg 30; V4: GCGTAATACGACTCACTATAGGCCCT-
GACCTAGGCAGGG 30 and 50 ctcaaacctttattttgctgtaaaggg 30. The for-
ward and reverse primers are shown in upper and lower cases,
respectively. T7 RNA polymerase promoter binding sites in the for-
ward primers are underlined. Anti-P54nrb antibodies and anti-PSF
antibodies were obtained from Santa Cruz Biotechnologies.
2.2. RNA isolation and analysis
RNA was isolated from mouse tissues using TRIzol reagent
(Invitrogen) and RT-PCR reactions were carried out using total
cellular RNA (3 lg), random primers and AMV reverse trans-
criptase (Promega) at 48 C for 1 h. The cDNA obtained was
subjected to PCR ampliﬁcation using the gene-speciﬁc
primers.lsevier B.V. All rights reserved.
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Mouse brain tissue was homogenized in PBS and the homoge-
nate (40 lg protein) was subjected to 10% SDS–PAGE, the proteins
were transferred to nitrocellulose membrane and then probed with
appropriate primary and secondary antibodies. Bands were visual-
ized by enhanced chemiluminescence (ECL) method using a kit
(Pierce) as per manufacturer’s instructions.
2.4. Preparation of radiolabelled riboprobes
PCR products containing a T7 RNA polymerase promoter site at
their 50 end were transcribed by T7 RNA polymerase in presence of
a-32P UTP (GE Health Care) using an in vitro transcription kit (Pro-
mega) as per manufacturer’s instructions. The radiolabelled RNA
was treated with RNase-free DNase I, deproteinized and puriﬁed
by Sephadex G-50 chromatography. The labelled RNA thus ob-
tained was used in UV-cross linking studies as well as RNA electro-
phoretic mobility shift assays.
2.5. UV-cross linking of RNA–protein complexes
Mouse kidney nuclear extract was prepared essentially as de-
scribed [8]. Denatured 32P-labelled riboprobes (40 000 cpm) were
incubated with 60 lg of mouse kidney nuclear extract for 30 min
at room temperature in presence of 1X EMSA buffer. Samples were
crosslinked by exposure to ultraviolet light at 254 nm in an ice
water bath for 20 min. Samples were digested with RNase A and
RNase T1 at 37 C for 30 min and then subjected to SDS–PAGE fol-
lowed by autoradiography.
2.6. Immunoprecipitation of RNA–protein complexes
This was carried out by the method of Peritz et al. [9] with
modiﬁcations. Radiolabelled riboprobes were incubated with
mouse kidney nuclear extract and subjected to UV-cross linking
as described above. Following RNase A and RNase T1 digestion,
samples were incubated with anti-P54nrb antibodies (1:20 dilu-
tion) or anti-PSF antibodies (1:40 dilution) overnight at 4 C inFig. 1. Study of VINC–protein interactions. (A) Schematic representation of the strategy f
used for the generation of V1, V2, V3 and V4 cDNAs by RT-PCR from LA-4 cellular RNA a
parantheses indicate the regions (in nucleotides) of VINC covered by each of the four ri
extract by western blotting. (C) Analysis of UV-cross linked RNA–protein complexes (CI
was incubated with various VINC riboprobes, treated with RNase and then analyzed b
Numbers indicate protein molecular weight markers (kDa).an end-to-end rocker. Protein A-agarose beads equilibrated with
buffer A (100 mM KCl, 5 mM MgCl2, 10 mM HEPES (pH 7.0),
0.5% NP-40, 1 mM DTT and 100 units/ml RNase inhibitor) were
added and further incubated for 6–8 h at 4 C. The beads were
washed thrice in buffer A and twice in buffer A containing 1 M
urea. Finally, the beads were boiled in sample loading buffer
(200 mM Tris–HCl (pH 6.8), 4% SDS and 20% glycerol, 0.01% bro-
mophenol blue), and electrophoresed on a 10% SDS polyacryl-
amide gel. The gels were dried and subjected to autoradiography.
3. Results and discussion
VINC/NEAT1/Men epsilon RNA is localized in the nuclear para-
speckles and it interacts with paraspeckle proteins such as
P54nrb and PSP1a [5–7]. The mechanism by which VINC interacts
with the paraspeckle proteins is not known. To identify protein
interaction regions (PIRs) of VINC, we designed speciﬁc primers
to amplify four different regions of VINC by RT-PCR to obtain four
cDNAs (V1, V2, V3 and V4) which were subsequently used as tem-
plates for in vitro transcription reactions to generate four ribo-
probes designated as v1, v2, v3 and v4, as shown schematically
in Fig. 1A. The ability of these riboprobes to interact with proteins
present in mouse kidney nuclear extract was examined by UV-
cross linking. Mouse kidney was chosen as the source for prepara-
tion of nuclear extract for these studies since VINC is constitutively
expressed at high levels in this tissue [1,2] and P54nrb is present in
the mouse kidney nuclear extract (Fig. 1B). Two ribonucleoprotein
(RNP) complexes, designated as CI and CII, were obtained with v1
riboprobe while the v4 riboprobe generated primarily the CI
complex (Fig. 1C).
Since the v1 riboprobe encompasses the region between 1 and
826 nt of VINC, three riboprobes (v1a, v1b and v1c) were generated
within the v1 region (Fig. 2) and their ability to generate CI and CII
RNP complexes was examined by UV-cross linking. Of these three
riboprobes, only v1a generated CI and CII RNP complexes as shown
in Fig. 3A. The fact that RNP complex formation was not observed
in case of v1c probe, which covers the region between 241 and
640 nt suggested that the PIR within v1a may be present between
1 and 240 nt. To verify this, two riboprobes v1a1 (1–120 nt) andor the generation of radiolabelled VINC riboprobes. The forward and reverse primers
re indicated by thick and thin arrows, respectively. The numbers in the primers and
boprobes (v1, v2, v3 and v4). (B) Detection of P54nrb in the mouse kidney nuclear
and CII) by SDS–PAGE followed by autoradiography. Mouse kidney nuclear extract
y SDS–PAGE followed by autoradiography. Riboprobes are shown by an asterisk.
Fig. 2. Nucleotide sequence of VINC riboprobes. Underlined sequences represent regions which are common between v1a and v1c as well as v4a and v4c. Dotted lines
represent regions which are common between v1b and v1c as well as v4b and v4c. Oligonucleotides used in PCR reactions are shown in lower case. Numbers in parentheses
indicate nucleotide positions in VINC.
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linking experiments, only v1a1 but not v1a2 generated the RNP
complexes (Fig. 3B) indicating that the PIR is located between 1
and 120 nt of VINC.
To map the PIRs within v4 region, three riboprobes (v4a, v4b
and v4c) were generated within the v4 region (Fig. 2). When used
in UV-cross linking experiments, only v4a and v4b riboprobes
generated the CI RNP complex (Fig. 3C). Attempts to further nar-
row down the PIRs within v4a and v4b were not successful. Thus,
we have identiﬁed three PIRs in VINC, one of which is located
near the 50 end, while the other two are located near the 30 end
(Fig. 3D).The nucleotide sequence identity between PIR-1 and PIR-2 as
well as PIR-1 and PIR-3 is 46% and 33%, respectively. PIR-2 and
PIR-3 share only 45% sequence identity. However, the PIR-1 of
murine VINC shares 70% nucleotide sequence identity with the
homologous region in human VINC/NEAT1 (Fig. 4) while nucleo-
tide sequence identity between murine and human VINC/NEAT1
sequences in PIR-2 and PIR-3 is limited to 44%. Thus, despite low
sequence identity amongst the three murine VINC PIRs, all of them
generated the CI RNP complex and it was therefore of interest to
identify the protein involved in CI complex formation. Since the
apparent molecular weight of CI RNP complex (50–55 kDa) was
in the same range as that of P54nrb, we examined whether the
Fig. 3. Identiﬁcation of protein interaction regions (PIRs) of VINC. (A–C) VINC riboprobes were incubated with mouse kidney nuclear extract and the ribonucleoprotein
complexes were subjected to UV-cross linking followed by SDS–PAGE and visualized by autoradiography. The numbers in parantheses indicate regions (nucleotides) within
VINC covered by various VINC riboprobes. Protein molecular weight markers (kDa) are indicated. (D) Schematic representation of PIRs of VINC.
Fig. 4. Nucleotide sequence identity between murine and human VINC/NEAT1. (A) Alignment of nucleotide sequence of murine PIR-1 with the homologous region (PIR1*) in
human VINC/NEAT1. (B) Schematic representation of murine and human VINC/NEAT1. The shaded boxes represent regions of high nucleotide sequence identity between
murine and human VINC, as reported by Hutchinson et al. [2]. The PIR1 and PIR1* share 70% nucleotide sequence identity. The nucleotide sequence identity between full
length murine and human VINC/NEAT1 is 55%.
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extract. UV-cross linking studies were carried out using radiola-
belled v4 and v1 riboprobes and mouse kidney nuclear extract,
the crosslinked RNP was immunoprecipitated with anti-P54nrb
antibodies and analyzed by SDS–PAGE followed by autoradiogra-
phy. The results presented in Fig. 5A and B indicate that the CI
complex could be immunoprecipitated with anti-P54nrb antibod-
ies indicating that CI complex is formed by P54nrb present in
mouse kidney nuclear extract. In addition to P54nrb, NEAT1/Men
epsilon RNA is known to interact with the paraspeckle protein
PSF [5–7]. Since the molecular weight of CII complex generated
by v1 riboprobe was in the same range as that of PSF, the RNP com-
plexes formed by v1 riboprobe were immunoprecipitated with
anti-PSF antibodies and the immunoprecipitates were analyzedby SDS–PAGE followed by autoradiography. The results presented
in Fig. 5B indicate that anti-PSF antibodies fail to immunoprecipi-
tate RNP complexes. Thus, the protein contributing to CII complex
formation remains to be identiﬁed. Further, anti-P54nrb antibodies
fail to immunoprecipitate an RNP complex when v2 riboprobe is
used (Fig. 5C) conﬁrming the speciﬁcity of immunoprecipitation
experiments.
Among the three the PIRs identiﬁed in this study, PIR-1 shares a
high degree of nucleotide sequence identity with a homologous re-
gion in human NEAT1 (Fig. 4). However, the three PIRs of murine
VINC do not share high degree of nucleotide sequence identity
and attempts to identify common structural motifs amongst them
have not been successful. P54nrb is known to selectively bind to
inosine-containing RNAs and many transcripts which are retained
Fig. 5. Identiﬁcation of proteins interacting with v4 and v1 riboprobes. (A–C) Mouse nuclear extract was incubated with different riboprobes (v1, v4 or v2), subjected to UV-
cross linking and analyzed either directly by SDS–PAGE and autoradiography (input) or after immunoprecipitation with speciﬁc antibodies as indicated followed by SDS–
PAGE and autoradiography. Numbers indicate protein molecular weight markers (kDa).
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editing [10–12]. However, in case of VINC, there is no evidence
for adenosine? inosine hyper editing, since the nucleotide se-
quence of VINC cDNA is identical to that of VINC DNA obtained
by direct PCR ampliﬁcation of mouse genomic DNA [5]. Thus, VINC
may interact with paraspeckle proteins by a novel mechanism and
it will be interesting to examine whether deletion of speciﬁc PIRs
in the full length VINC transcript can abolish its interaction with
paraspeckle proteins in vitro as well as paraspeckle localization
in vivo.
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